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Introduction

4
Although the water-octanol partition coefficient (as log P oct ) is widely used as a model for 5 partitions of chemicals into biological membranes, it is now recognized that biological 6 membranes vary so much in character that it is impossible for any given water-solvent system to 7 be a useful model for all membranes, especially when ionic species are considered [1] [2] [3] [4] [5] . 8
Consequently, other phases such as immobilized artificial membrane (IAM) systems where the 9 lipid membrane is a phospholipid monolayer bound to silica gel beads and water-liposome 10 partitioning system have been developed as possible models for biological partition processes. 11
The use of IAM systems as models is particularly attractive because retention factors, k(IAM), The two sets of log k(IAM) values determined by Li et al. [11, 13] include not only neutral 3 species, but anionic species from the deprotonation of acids and cationic species from the 4 protonation of bases. We have recently determined solute descriptors for a large number of 5 anions and cations and have used these descriptors to analyze water-solvent partitions and a 6 number of biological systems in order to elucidate the factors that influence the behavior of 7 neutral and ionic species [14] [15] [16] [17] [18] [19] [20] [21] [22] . No such analysis of IAM systems has ever been reported and 8 so we have taken advantage of the data obtained by Li et al. [11, 13] to obtain this information. 9 10
Methods
11
We use the linear free energy relationship, LFER, Eq. (4) to correlate SP values for neutral 12 solutes; SP can be log P where P is a set of water-solvent partitions in a given system, or it can 13 be a biological end-point, or it can be as in the present case log k(IAM) for a series of solutes in a 14
given system. The extension of Eq. (4) to include ionic solutes leads to Eq. (5). 15 Here and elsewhere N is the number of data points, R is the correlation coefficient, FS is the F-4 statistic, PRESS and Q2 are the leave-one-out statistics and PSD is the predictive standard 5 deviation [29] . There are a number of compounds that are partially ionized at pH 7.0; we treated 6 these compounds separately and used Eq. (6) to predict values of log k(IAM) for the neutral and 7 ionized species. We can then predict the overall (observed) log k(IAM) through Eq. (7). Some 8 representative calculations are in Table 2 . 9 10 k(obs) = Fn.kn + Fi. ki (7) 11 12 Table 1 here  13   14   Table 2 here  15   16 Liu et al. [30] have determined values of log k(IAM) chromatographically under conditions 17 in which compounds were present entirely as the neutral form or entirely as the ionized form. 18
The species, the corresponding values of log k(IAM) and the necessary descriptors are in Table  19 3. 20 21 Table 3 Li et al. [11] suggest that carboxylate anions lead to lower retention on IAM compared to 21 the corresponding neutral molecules, but that cations had much less effect. We can use Eq. (6) to 22 calculate log k(IAM) for the neutral form and for the ionic form of any ionizable compound, as 23 shown in Table 2 , but it is much more accurate to start with the observed value of log k(IAM) for 24 a compound present entirely as an ionized form, and to use Eq. (6) to calculate log k(IAM) just 25 for the neutral form. In this way we have data on log k(IAM)neutral -log k(IAM)cation for 14 26 compounds and on log k(IAM)neutral -log k(IAM)anion for 13 compounds as shown in Table 4  27 where we give the mean difference and the SD value of the differences. Exactly the same 28 procedure can be used to examine the data of Liu et al. [30] in Table 3 ; results are in Table 4 .
A c c e p t e d M a n u s c r i p t 9 k(IAM) by 1.09 log units but within a statistical uncertainty of about 0.50 log units cations have 1 no effect on log k(IAM). Li et al. [11] suggested that the effect of cations is quite small, but 2 anions have a large effect, and our results confirm this suggestion. 3 4 Table 4 here 5 6 7
The effets of ionization on log k(IAM) are not easy to interpret. As discussed by Avdeef et al. 8
[31], in the liposomal membrane/water partitioning of ionized drugs, the charge distribution in 9 the phospholipid membrane is anisotropic; as the ionized species moves in the direction of the 10 aqueous exterior of the membrane, the first charges it experiences are those of the negatively 11 charged phosphates. Further movement would bring the ionized drug substance in the vicinity of 12 the positively charged trimethylammonium groups. Electrostatic pairing of charges would 13 require a greater movement for weak acids, compared to weak bases. Therefore, the negatively 14 We can then use Eq. (9) to estimate partition of a typical acid, 4-phenylbutanoic acid, and its 3 corresponding anion from water to DCE (and hence from DCE to water). For transfer from DCE 4 to water log P for the 4-phenylbutanoate anion is about eight log units (that is the anion is more 5 stable in water than in DCE), so that by comparison to the neutral carboxylic acid the anion is 6 stabilized by water to about nine log units. We can then deduce that for transfer from DCE to the 7 IAM phase, the anion is stabilized by the IAM phase to almost the same extent as compared to 8 the neutral carboxylic acid. 9
The effects of 4-phenylbutanoic acid and its anion on log k(IAM) can be obtained easily 10 from Eq. (8) and from the descriptors for the two species, as shown also in Table 5 to an IAM phase of a charged species may be no more than the effect of transfer of a neutral 5 species from water to an IAM phase. Thus the observed effect of carboxylate anions and 6 protonated base cations on log k(IAM) by comparison to the neutral species may depend on 7 apparently quite minor effects involving interactions of the neutral compounds with the aqueous 8 phase and with the IAM phase. This is possibly the reason why there is so much difference 9 between effects due to different carboxylic acids / carboxylate anions and between effects due to 10 different bases /protonated bases, see the quite large SD values in Table 4 . 11 12 Table 5 As it happens, j + in Eq. (6) is very nearly zero, so for the specific case of neutral bases 24
and their protonated cations we can carry out a term-by-term analysis of the solute factors that 25 influence log k(IAM). We take nicardipine as an example and give in Table 6 a breakdown of 26 these factors. The discrepancy between the total value of 3.30 for the cation and the value of 3.14 27
in Table 4 is due to the j + J + term, neglected in Table 5 . The cation is much more dipolar than 28
A c c e p t e d M a n u s c r i p t 12 species is a weak hydrogen bond acid, the cation is a very strong hydrogen bond acid and hence 1 the a A term is much more negative for the cation. On the other hand, the neutral molecule is a 2 strong hydrogen bond base, the cation has no hydrogen bond basicity properties at all, and so the 3 b B term is much more negative for the neutral molecule. There are smaller effects from the e E 4 and the v V terms (and also the j + J + term) but the overall small change in log k(IAM) is due to 5 large cancellations of effects on the s S, a A and b B terms. Although we cannot carry out such a 6 straightforward analysis of neutral/anion effects, it is clear from the descriptors listed in Table 1  7 and Table 3 that there will also be large effects due to the s S, a A and b B terms. M a n u s c r i p t A c c e p t e d M a n u s c r i p t Table 2 Prediction of log k(IAM) for partially ionized bases and acids through Eq. (7) and Eq. (8). M a n u s c r i p t A c c e p t e d M a n u s c r i p t Table 4 The effect of ionization on values of log k(IAM) capacity values. M a n u s c r i p t Table 5 Estimation of partition from water (W) to 1,2-dichloroethane (DCE), and the effect on log k(IAM) for 4-phenylbutanoic acid and pindolol. 
Species
4-Phenylbutanoic acid
